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Abstract of JP200020399B 

PROBLEM TO BE SOLVED; To provide a producing method of fine lines containing titanium oxide 
having excellent crystalllnlty and a nano-slze diameter, and especially titanium oxide vv'hiskers, 
SOLUTION; This method Includes a first process (a) to prepare a substrate 10 having a surface 1 1 
oontalnlna Stanlum, a second process (b) to discretely arrange a material 13 diffarentfrom titanium on 
the surface, and a thlntl process (o) to heat treat the surface containing titanium subjected to the 
second process so as to form fine lines 16 containing titanium oxWe, 
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iimm I] ( A ) i-^y^ttimmt^m^^ 

^y^-^tsm^nm^i^xmwy^i^'^^wi.m 

[fis<ii2] {A) i-^y^-^^mm^^thmm 
mM:fhW'-coiM. (B) iltriBW=. f-^ytim 
tjiis^mt-mammim-coxm. (c) ^^yn- 

y^-^tsmm^p;-Mmbxm'it^^y^^tsmmBf&, 
i-im^^(ox.mi?t^ i t ^mttmitt^ y& 

itmms ] mmi'^ytm^j:^wm\ l i , n 

a, K, Mg. Ca. Sr. Ba. Sc, La. C 
u. Zn. Al, Zr, moC0\^-^'ftl9)^Vhl^t't^ 

mm^'^x-mi^f^y^ttsmw^^MmtixuTSi 
y^iitimmmm, 

i>zmm<r)miti'^ y^-kmrncom^m^ 
[tmma} mmmmiontocom^. i. 3 

3X1 0-2pa ( 1 0'«to r r) JiJl±2. 6 6X10 
3Pa(20torr) PXTX'hl - 1 mmttm 

me tmt 7 ^ztrnm^ti-i^ yti^mmmmif 
[mm9) mmmm<^02<^mtiK o. is 

3Pa (10-storr)lJlJi2. 66Xl0«Pa 
( 2 0 0 t o r r ) OTT'* mmttWm 

[»M10] wMm%^<^n^(^m:b^. 13. 
3 Pa (lOOmtorr) JM±X••|)l.^t&!if^fc•t 
l> WaKJI 5ttiii7 itztmmitf-i'y^istsmm 

mm. 

mmM 1 1 ] mmm^coxmzmf^mmmm 

^^6 0 0°CJJJ.±9 0 O'Cmrt-*^ i b iW^btlM 



[mm 12] ( A ) ^-^ y^:ttsmm^i'mi^ 
^m-ti^-<^xm. (B) mmm^z. i-^ybii. 

tmm^ztmmTtmmwth ^xcoxm . ( c ) ^ 
^ y^mit'ti'Bmn'p'cwm Lxmiwzmiti- 
^y^^-mmmmmE.coxm^£^t^!: b m 
mbtmiti'^y'&-^tsmm<Dmmijm. 
mm, 1 3 ] miii'^y b \mti:i^m7tm^^ts 
mim. imuytmco^mmx-h h^b sriftst -r 
m, 1 2 {ztmmiw y^^tswm.<^m.-nm. 
imm 1 4 } i!ffta7j««^ s ^mmt-h h^Lbm 
Si: 1-1.11*311 3\iztmm.iwy^-^tswm.<^m 

imm 1 5 ] mmxff)xmi. mm.w\,z^ i«ia 

|ffIa«ft*^s^«tf^MT'|friBf':^' y^^timmt^m 
mmtxux'hh^b ^m^b^mm i stress 
m\ti-^yi-Msimffm&^m. 

inmi 7 3 lirta^E?!;**^'. L i . N a. k, m 
g, Ca. Sr. Ba, Sc, La, Cu, Zn. 

Als Zr. M.o(;r)\^■fflPj)>l^mmtz±m7mX% 

h^bmw.b^mmi2{zum<m.\\^i'9y^'^ 

mm 1 8 ] mm^y^mt-frnmrnt. 02 
^xtfYi^ ^^^mm%xh htb mmb^^nm 
1 2 \ztmm^i~^ y^-^tsmmmmm. 
mm 1 9 ] tm-f9y'kmttmm%\t. 
0 ■^^timm%x% hLbmm btmsm 1 2 ^^i a 

mm2 0 ] ywtt^mmmt. 
mm2i^ mw.m%^<^'A,ommK 1. 

33XlO-2Pa (1 0-*tor r) Jil,±2. 6 6x1 
OS P a ( 2 0 t o r r ) &:fX%hL b ^W^bth 

mm 1 9 ttdi 2 0 \<z%m(^m\ti~'^ y-ktmm<^ 
[iM2 2] m^nmA^<^Ot<^^m)K o. i 

3 3Pa ( 1 0-3to r r ) iil±2. 6 6X 1 O^Pa 
( 2 0 0 t o r r ) OTt'fcl. ^ t ^WSt tl>ff«lH 

[|»*JH2 3] Ufa»lS^ttic?)H2CO:9'J±*i. 13. 
3Pa (lOOmtorr) PXXTh^^Lb mmbt 

hmmi Qtrz\t2o\,ztm(r)m.\t-^i>y^^tjmu 
[ff*Ji2 4] mm'^^<^xmzm^nmmm. 



!(3) 000-203998 (P2000-2 Ok58 



mMt&B-<^xn. ( B ) mimm^umitt^w 
zcoxm. (c) i^^ymitt^^mmmmmi 

[fMJi2 8] t\Bi'^ymit-thmmm^. H2 

ti»*JS2 9 ] |tnBf-:5'y^®^bt-|.#H^«i. H2 

3^2 8 i/zmmmitf-^ y^:^tjmmmm. 

33X10'2Pa (10-H or r) JJil±2. 66X1 

03 Pa {2otorr) mrx'^i^brnmi-i 
mm 2 8t tdt 2 9 iizmcoM'itf-^ yi-msmmco 

immsi: mmm^<^Oi<om^. o. i 

3 3 P a ( 1 0-3 1 o r r ) PJ,}l2 . 6 6 X 1 0« P a 
{200torr)m'Th^^tmWlti-^.m^ 

tW^J|3 2] W^nm<^^t<^'h)B)K 13. 
3Pa (lOOmtorr) J^i±r$)|,^^:^!|ftfct 
[ii*Ji3 3] t\%t%'B.(nxM\zmh^Mm\m 

2 5 \z%m<m.\\jf^yt^^wm.<D'^m> 
ift*Ji34] {k) ^^y-k-^^mm^-M-thWf 
^fflsti>m-(^xg. ( B ) t\immzm^\m.~^wM 

t«at. ■mmm>zw\wyt^^^mknm 

JIl, 2, 12, 2 5i;fci43 4OMtLMc|2|!5f0Mji 

mm3 6 ] tiBWiij!)^. Sg-ftt^ y-^^^-^ A :^ 
{t^^y-k-ktswrn.. 

[fl«JB3 7 ] . fm±tff JRIM3 5iB®«0 



[000 1] 

ummmzm-fh . mz\%m\'c^~9y'^ < xti-»-)i 
mzm-^'h. ^h\z%^\.<\%. nFFfiMx^-^A^xi 

Mm^j:}i\,zmh. 

[0002] 

mmmmmtLx. ^^m^. -^^^m 

!itr?fi¥8-3 0 24 9 8-^4^t;:{i. m-iti-^y 
m.'^mmmmmmMzmm Ltima^m^tix 

[0003] ta. ifV^rVs.)\' (M. Gr atze 

1 ) ^^Ammm^. «cj;Dflsj£t/tic 

f-^ts x^-.;k^--^j^36*{i7. 1-7. 9%Sr#TV^ 
I,, (B, O' Reganet, al "NATURE" 
353 (1991) 737) . itOJt^W:p^i=^^m»!) 

mt. mti'i^y<^^A x-^-^-j^^.-^-^a xi,z)\\^ < 
[0004] fffit^t . ^jfi-c^. i^-fbf-iJ' ymm^zm^v 

m^mit^ k s 3 0-8 0 nmc;);*:# 

i^-pUKtt&S^-ri; a \>zti:hh\^oW^m^fiX\.-^h 
( "NATURE" 388(1997)431), 
[0005] iixA>c7)Wct^T t >h,^ J; a tc. iK-fli^ 
y\i. ^i:i'/-tA XtX'yh^ < -r^ i h 

^{4. nSi^#i*T'^ miti-^ ykhmm'rj:m 

J; 0 V X(:-r !> i 1 1 J; 0 . tiift 

[00 06] ztihmt^. i'y-^Mxcomiti':^y 

[0007] 

{mmmLXot-tmrn] z^^xoiz. f-y-^A 
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[00 08] -mzty^H xcomn^mttumt 

[0 0 0 9] tfz. 9i<0M. G r a t z e 1 ^><0W4-? 

mmwj:^^zn ix . mn^'^m.i&mmm^. 
[0010] imm. miti-^y'>^^ 0 , ^ 

1«figt5tWW'^>fLl. ( "Jpn. J. App 1 . P 
hys." 31(1992) LI 77 5~L1 77 7, 
"J. of Materials Scl. Let 
t. " 15 (1996) 12 28~12 3 0) . L*^ 

m^j:xmm^j:mx\i^j:h^j:\'^^ DT i O 

[0011]-*. mmmtimmt lx-^ a 

)\u^ymmnmLxn^\ nicik. mit^ 
mm^x mm-t-nmrnhfixa o s t^yiv.-^ 

[0012] y<^^ 4 :^ii~ti¥l^Lfzmt L 

mWWt^ 7 S y ^' ■^<^BJ11 ^ tlT V ^ !> ( " H * 
^M^^IS" 5 8 (1 9 9 4) 6 9-7 7 ) » tzflL. 
z.itto \mM%(0 h coxh 0 . »S±^cffi1-l> i ^ lix- 
&TV^5rV\ ^/^s n'^X;i?'-HMX!^)^'fS0. 2-1. 

9 1 & iiSl-^e*6 ^ WMiUi^'miX'h h . 
[00 1 3] j1!lfcl±. i^- 3-T'y^ (C. Codd 
et) A>tiJ:Ds Ti(0«^s H2 0-#-^|?|a^>fT-#!i 
I. ^ i: t-l'fW-^' >"> ^ x;^-(?))iJ<.ia*^'3i^>ix;^c 
( "C. R. Acad. Sc . Pari 
s, " t. 281 (1975) 5 0 7-5 10) i 
c73*i^^|Scr)^S(il OA(mlS;Kfc*V>. 

[0014] ifmn\±. m^B?i'Xt£'^fifz%^(ox'h 
m\ti-9ymmi^'(fm\ti-^y'^^xti--. ^fih<^ 



[00 15] 

(A) ^~9y^%^mmm^hwm:m.-tm-<r> 
x^i. ( B ) Btfiamt^. y \tw£hvmkmm. 

%>^\ztmth%ZL(r)-jM. (C) f-^ySriSg-fli-raiJH 

•kwm\.xm\&^ yk'^tswm:im'th^=.oyi. 

[ 0 0 1 6 ] ii^. imm>%-mm,i. ( a ) f-:? 

wmmmz. ^^yh\%wj:hMm^%-imum. 
^mzj^:m. {c)i-:^ y^M'iu-^mmmx^ 

ixmiti^^^y^^tsmmmm-ttm^coxm^i- 
h^ih mmh-tmiti-^ yi^tsmm.<^mmm^z 

[0017] ^%^<^w§)izi5\\x . mui-^^ytm^j: 

tMPttlK Li. Na. K. Mg, Ca. Sr. Ba. 
Sc. La. Cu. Zn. Al. Zr. UoCD^vf 

fiij^x'ht ^Lhifim tv\ mu^^ytm^j:mm 

[0018] HUiBmHc7)Ig{i. O.UXX/H.i^tim 

m%^xMii~^y^^^^^^^9thxnx'&h 
zkmtLw mii-^y^Miti-mmmt. 

[ooi9]mmmm%'¥cou2omB^\ i. 33 

XlO'2Pa (10-*torr) 1211:2. 66X103 
P a ( 2 0 t o r r ) iMTT'^-S. ^: i:*^^ lillB 
|?fflJ\4i(?:)02C7):^^J±5ti^. 0. 133Pa(10-3to 
r r ) Ul±2 . 66XlO«Pa(200torr)m 

Txh^:ikmt.t\\ wimmmcoHiCDji^m 

i}K 13. 3Pa (1 OOmto r r) JJJLhT'fc&it 

[0020] mm^<^xmizi5{f6m&m(oiM,mi!)^6 

0 0 V]i)± 9 0 0 rlilTT-S) I. ^ 1 1 \ 

[ 0 0 2 1 ] § i^wmm^commii. ( a ) 

wmm^'thnbizx*). mBmi/zmi^mymt: 
wM.tii>mx(oxm. {c) i-ifym'it-t^mm^ 
xmmixmmmmiti-^ y^-ktimmmf^t 
m^<oxmm-t n t ^m-t-thmti-^ y^^ 
mmmmmzht. 
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[0022} mii'^yt\m'^j:iAM7tmi-tti}m^ 

[ 0 0 2 3 ] Titff B^«7C*;()^\ Li. Na. K. Mg. 
Ca, Si% Ba, Sc. Y. La, Cu. Zn. A 

[oo24]§A>i2{±. A^^m(omB^fMmi. . ( a ) 
( B ) Wiimmrm-iti-imxcDxm. ( c ) f-^ >- 

coxmii. mmm^^^'/i'yi^'thxux'hictti'^ 

1 0 0 2 5 ] s ^ ^mM<r>ms.(7)mmii. ( a ) 
i^^y^ttsmmi:-m-mm^m-hm-cr,xm.. 
(B) mmmi>zmmmmti-mxcoxm. 
(c) i-^ymitt^mmxw&mt. mmm 
miwyt^i^mmmm-^m^coxmrni'^ 
n t ^m.ttmi'i.-f^yt'^tswmfo^-nmzh 

[0026] $ ^>t:(±. ^mmmi^cowmi. tmi^ 
^y-k^tswrnx-h-^x. xm<Dmmmzx.mm 
■fitm^ii-^yt^um^zh^. mmmtK m^k^ 

[0027] S ^.tcti:. ^mncom-i^comMli. 

i . mm^±^zx$imitt^ y^ttsmmt:mMth 
:ibt:mbi-mmmzhi. mmmtK miw 

y^-^tf^^ x:(r~t^ihTh t^b timt Lv% 

[00 28] xmcommMMifmzkmi. ^^m 
mti. i~y^--i xcomt'tmiti^^y^'^tsm 

m^b-h^x-^i. 

[0 0 2 9] 

mm:Jf'mz-:>\^xm2m\^xmmti. ^^wmmm 
tmt. mi>zi-i^y^^tmii^^. mitmmx 
wii-i> i 1 J; 0 > m^comm^hm^i'^y'^'^ 

[0030] iftt^s mmzi-^y^l^i-^&Wli. ^(0 
mmBMliZ^^-Mf^^'^i'l t cOSrfflvil, „ i<DJ; d iz 

mrniimm-mmzi-mx: im-^timiti-^y 

[0031] 



mmi^zm^'^x3y:i)^i^mf:^ir-)Uco±^^<^m 
mBMcom^nmti^iK^mmizhrz d ^MM^tii. 

[ 0 0 3 2 ] f-rJ' y Lr 

mmmm. -^i^iiz^t^tiioi/zm-thmmm. m 
Am. mum. mmm:b'mmmmmtj:}; 

[0033] mT. 02 ( a ) ~ ( c ) 

miti-^ yiistsmmMm^j:mtijm<o-mm 

m-^TiJBJ-ri.. 02(^*3 V^T. lOtiSft. 11(4 
Ti^^^b-tm. 12{4««. 1 5{4B^'fli^^y 

[0034]I^A (02 (a) #Hg) 

amtf-^y (Ti ) S:-gi-tmBS:^"rsa#:l 
0*ffl*^-?.o «*1 0fcLT(4. mmizi-^yil^L 

x\>^tiiix<. m!Hii-^y<oM'^. i~^y-^±<m.. 

02 ( a ) liZTn-tk 0 fc5^;^^'5x^s i^c7)=&a«ffi 
1 2±^CT i ^3EjS4]-t-r.&)ll 1 *?FML/i«*^i:' 
mjt U< fflV^S i J; !> o i T i 
bt^Ml 1(4. ^Jx.(4\ TiSrJgKM^*. EB^, 
CVD. ^«y^S:(4tfti:'t'&ftS(0S^ 

m'Mz k D BScH-r & ^ b ifix-^ h . 

[0 03 5] I^B (02 (b) #M) 

m\^x. T i^^timm^4^-wxmmm><zm^-f 

(C. X xb\tWj:hMm:'mfh:Lb\,ZkVAl^^b 
m^h. t.tz. %X(Ty^Ab\.X\±. Ti&#t^llp 
Tifc(4^5rl.AJR7C«^^OM#:SrtgM1-|.it 

i ^■^^m^zmm^msth Mzxnx%>m^ 
[0036] iM%-<^^^b LT(4. mmM^M\^ 

'9< §^v«(c. f~^ymi07n*t LT. Li. N 

a. K. Mg. Ca. Sr. Ba. Sc. Y. La. C 

u. zn. Ai . zi-. wom^'m.. ti-fh. ^t. 
Os mwm. X \-k^%^m^x\z^ m^hwm 

W^^z^^^-th. ^(7)WiZ^i>^bX;^ Titr-^tf^H 
mimh:Lbif>x^%h. 

[0037] kst^^ yw\-mmkw{k. hh\^\m 
mi\!zm-th-m.b tT(±. wm^m. eb^ 

m. CVD. v';l'^;l'!5ri:<0fi^*^?rffli^ 
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[0038] ttz. iilB^ZO^fiSfc LTfis -t:? yp). 
^\'(07tmiM^yt LXimLtrnWi. fjIBT i S:-^ 

1-|>^I£*W fail's. t<n^m^zXix\i. 'm^<^-i 

[0039] y\m<^7mt LT(i. L i . N 

a. Mg. Ca, Si-. Ba. Sc. Y. La. C 
u. Zn. Als Zr. M o^^0A«Sr$7-i; L<fflV^^ 

[ 0 0 4 0 ] t/S. § fet^ii. _hMfM*B«t t 
Lxm^\ fflBT i ^-^tJ^ffl^gffit I^W-fliE' 

[0041] }i%mwmxmzm\^i> ^h<^x'% m 
t*D. 5i(4Kje^. iomw<zimthtm<D 

ffs wmmm^. m^^-ciy^si.^-^. =5rfc-*« 

[0042] xmnmmmwmt lx\±. t^tiu. 

[0 043] i^fc. umw.itxmzm^t% 
%%m iWMW.) ^^z. ^y^^^^^^-i"^^]^^- 
Lfz. ht^L. iB^^yt-t^w^wmx. ± 

yt:^^tmm^±smnmitmT i ^^mmi<z 
mi^-^mmmmx'%1. 
[0044] ±im-'<^^^tizm~com^zx 0 . 

T i t-^tf^iSfcT i tliM^j:l^U7tmiiHi-^^ii^^ 

I. 

[0045] ±iBm-. m-«^^^t<J:iX«\ T i Sr-^ 

i^ii^ ^ y^:Mimmmmiz^¥ti t^t ^ti 

I. 



[0046] ttz. ±Mm^(0^'Skt LX\t. T i ^-t- 
TJi. X7^y^m'\ ItrlBT i ^^tJi^Bt-fli^Wt: 

fi'5rt"t'fjiaT i i-^timmi>zmmmzmf:h^:mmth 

^tii^X'^h. 

[0 0 47] tfz. ±i&^m^mt LT{i. T i 

mmnzi: 0 . T i ^-^tsmm^z^t^m. mtm 

a. ami. mmmmm^mm^ m 
mmm^^^^^-^yynm^^) x^irozti,zx-ox 

[0 04 8] d^-cji. xmAkxnBt^m 
rzrv3^x^9T^Lt:tfi. ±mmAmmz. mmm 

[0049] KliBX^AfctJV^TS^L^c^ 
^m^'^-S:^j:ii^^t^^l^t^x-^. ^olSH. fr 

T i i:±mt'tm 1 1 ^f«L!t*i^tctt. 

[0050] mXiJHH . *xgB ^Jt-r .r t 

^wi. iBLtzTMB^zx^mmmzii^. 

[005 1] i-i:/b*>. ^wmii^^x\i. mY.-i-?y 
^ttim^'^n^thfdt^comBmMMz. t i 

tx\ ^fi^'fK^mm. wimff)^Mzia\^xmw^<r>m: 

[0 0 5 2] XgC (02 (c) #M) 

xmziy). mmmff^i-^yhmmwm^^v 
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[ 0 0 5 3 ] i i T'±iBg^»&tf a Rie^s^^-wtj 

t"|)Ds 1 OtSf)j*(7)afts 4 3ii9SW®iiX«t'$)i9 

[0054] mm^mmmmmv^m^i. m. 
m.^ti^ > mmmmm± e o o'c~9 o o'cohh 

[00 55] iL/s. ±iBT i m^m-mimM^t l 

T i ^Hft-ri.St'ftlfHmfc tT{i. H2 0;5fX*Wt 
I.v\ ±tBM^MS^1't^. *« (He;;;- 

[00 56] J-XhfJ^BJ! t/2 J; a *^HJ1(7)K-ftf-^' >- 

m-imm.) -mm a-^y) mm\^xmiw 
[00 57] if%m(ommwz^Mts mm<^i^h t 

XW.nm-b-^mummzhfz'O . 1 0 nm~ic 

1 0 mtc;to/^c D . ?#^i;^fliiJ#1l tTK'fli^^ ^ 
-Sr#J3ic-f I- <^ t *Wtbt-& h . Jii±OX?SAyi)^fe C 

[ 0 0 5 8 ] imm^iimzx mm^ti^ 
m^t'j'^y'&^timui 5^z-o\^xmmth. 
[00 59] mmmmzxm. mitt^yt-^ 
mtuzmY.-f^yMm%hfih. ttz. m^ia. 



[ 0 0 6 0 ] a 1 {4. *^0jicO®3i:fe-a^tiJ: DSii^^x 

hm'af^ yk^t^m^^ y-^ ^ T^fi- 

(r>wmmi'^<twmxhh . mwzmwiz. 

m%M. HI ( a ) CO j; a \zmk(^%i<f:>. HI ( b ) 
j; a tffl^co t HI 1 ( c ) CO J: a t^e^'C^S**^ 

wmzm>h ^t>co. a 1 ( d ) t^^-r i a ^zwm'm. 

[0061] HI (b). (c). ^A)\rJ^s.udm 

\ZimthV. ^7.fl-(n±'^\mnm'^^nx^X'h 

[ 0 0 6 2 ] -imwmmfmim^h t . H3 

COJ; a tc. 1 0 . LT*t»lttSr^ LTSa 

^x;hh. 

[0063] immm^iamzx ^mM'^fd-mY.^ 
^y^^^mmi.. teamttcn. A>o^c7)g*i-^y 

[0064] 

[00 6 5] ^Mi^Jl 

MTs H2 ( a ) - ( c ) fefflVV *5&BHcO®'(t^^>' 

'mmmmf^^mz%->xwfi^h . 

[ 0 0 6 6 ] IS ( a ) 

^s^jiiJijtosKi 2 tea. ^%wmm^. -^wMWo 

MtMzX D+^^^am*. xyN°<y;?ffit: j; 1 
//incoTi£7)jii i^MliL. SI'lti o&lffiat/a (H 

ti:^). Tj (0^1 icoawfc-^-^'S^'py-r-^xW 

[ 0 0 6 7 ] IS ( c ) 

x\ mmmmtukTmti^i^y'^ ^ 

[0068] Jis^lilMfcfcv^TJi. ^m4iz^Lt: 

mmmmuLx. t-r^v^j=.:ffxizji:^. s-ct: 

mLm^^iim^seA. SPaCe. 5tor 
r) ) ^AVUy/t. PtfX^Xm4tPhWA5 0m 
1 /m i n f«A tTEIfMl*IcOJE*J^ 10. 108 
Xl04Pa (760torr) JUiHtt-to -etTlS^ 
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my yy^m ixmmm^ 700 -ct- 1 h r (om 

[0 0 6 9] ff* iWmm) 

M 0 ffi if.i'fy7°)ucr,mm. wm^ f e - s e m ( f i 

eld Emission -Scanning Ele 
ctron Microscope: M^lkHiM^SM 

10 0 7 0] tfz. m<ti'^ ^ ^)^-mmi±. ^ 

^7-;if-(73@iSl 0 0nm~300nmfg^. ^^^{iiC 
10 0 nm-^itl 0//mt-|)Os 1111(b) \Z7v:tl.o 

tmm.tmmfzi^m^ 4 xii-m^m^wz. t 
h->fz. 

[007 1] ^Jte^j2 

fz. 132 ( a ) ~ ( c ) trfflVV i?m^<m\^'^ 

9 y%m.<mmi^^m,z:^ ^xmm t . 

[0072] (a) 

Atmtf^TiJll 1S:»U *frl0^mL/i (02 
a)#M)» 
[0073]Ig(b) 

'ft^asrfflv \ mwm\t o . 3 m >- * -^m^mw. t 
u nuymiizxmmt:i7'cmwLtz. ^mm-it 

nSii D C 4 0 V 1 1 . |tSlg-f»B#rtgti 1 m i n t 

:)mms. ) msE wxMm itztc^. mmtizitm 1 

[00 74]I|i (c) 

x\ mm^^nt^ t m^t^^ yt:-ttsmm 1 5 ^fs, 
m^fz. 

[0075] ^mminm^xi±. mm^M4iZ7nLtz 

imUzm<{M%^±86 4. 5Pa(6. 5tor 
r) ) ^^S'7"Uy^'"t. :^'XmA^4 4fl>^mi5 0m 
1 /m i n XMX IXm^^lHi^Bitl 1 0 . 10 8 
X10*Pa (760torr) {zm^^Vtz. ^LX^ 

yr-^m \.xwmmM loo -ex- ihr(7)m 
mm^m tfz . * Lxm^y yrt:m lx . mmf^ 

[00 76] iFiffi mmmm 



JX0l±lL/t'9->-7XO^ffl. l8fffl^FE-SEM (F i 
eld Emission — Scanning Ele 
cti-on Microscope: W.^lktii^'MlM 

j-mmM) izxmmifz. »**^^>. miti- 

:^ym ^ XA~cofS,mmM^ixfz. tfz. xjimfjf 
[ 0 0 7 7 ] Bg-fbf-^ ^ g 

*«^J 1 iZht^xm <. lOnm— lOOn mf^Ks 
M:^l±miOOnm-miOMmX'h^.mi (b)fc 

fz, tfz. ^ ^ X:f}-coM.\i. mt)miliZj:t-^X^=f-^ 
t^->fz. tfz. yi XA'-<^^\,z\,i^ H^rfit^s^-txvy 

^Ltzh<DX^h->ii. 

ioois^mms 

if.mm\,Zi5\rC\,i. X^<a) t:t5V>T. T iJl^S 
Ti ^±.\iZ^h\iZK\m:0. SnmffiS*, ft 

[0079] 2|sSISfefiaHe:fcv^T. K-fb^^-^^ 

3 0 n m~2 0 0 n mg«. 1 
OOnm-^1 0;umT'3b'3. HI {h) \,Z7kti.o\Z 

[0 0 80^ t-f^. nim^^. Al(OiU>^l>Z, B 
a. Zr, Mo, Y, La, Cu, Zn, Zr, Mo^ 

m^^ti^ifZhm^^tifz. ^tix*). nmrnm^zA 

[0081] Mfei^J4*3j;t;:-»W5 

:mmmiz&-^xit. xm(h) tct^vir. itsst^M 
mmsfctT. 0. 3Mmmmm4) . o. 3Mii 
mi>zA 1 2 ( s 04 ) 3 * 0 . 0 1 Mjpi.7tmsf?ffi 
*^J5) ^m^fz. mcoxmiimmM2izmtrz. 

[0082] *^»J4 . 5 tifcV^T . iK'fbt:^' y^ ^ 

XA~COmi. 10nm~l OOnmfiJK. ftSttill 
OOnm-licl O/xm-CSiDs ai (h) liZ^t^^^/Z 

mmmzmtifz. m^(r>^^^:^-*^M.i^tirz. ttz. 

[0083] mmmBxii. m.^ ^^y^-^-^-thmM 
m¥xwmm'ii':>fzt)\ nmmimK Ai^^y 

COith^liZ^ Li. Na. Mg. Ca. Sr, B 
a, Cu. Zntj:t'(D-t :^y^m^-^fzM^I,Zhm&^U 

ti. ;itix^. ^mmmnmrnizA 1 mmtt^ 
imm^ ty^Mx. i;itx\Ti mmm^zT i pmco 
Ttm^ML. m'iti-:^y^^^A-<7i^:^^m'^^ 

hiiK'^^^bmot-^-itz. 

V00S4] mmm 

:^m\izii^^x\t. xm{c) \izi5\,vc. 7m%. ^ 
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m 1 /m i nTmALXm^^n<n'S.m 10.10 
SXlO^Pa(760torr) t:$t3f 7 0 0°C 

[0085} ^njifeMttov-iT. mit-i-^yy < y^ii- 

m-S 0 nmg,K. 1 0 0 nm-m/zmf 

at^^^-^ys, JT^TO. HI (a) coJ;a(::M<0 
i^co. 01 (b) C0j:d(ce-R^0t«^ hi ( c ) c7)J: 
dta«T*§*WW=^:bl>^«s Ell (d) (C^K 

i^^c. 01 ( b ) 4" ( c ) . ( d ) M 
10 0 8 6] iixJ: 0 s ^[<m&'^^-l'#ffl^4'Ti«a 

a-ri. i k t J; o s i-fbf-rJ' ^ ^^i' -<m»m < ^ 

[0 0 8 7]|lii^j7 

*SlifeW:feV^T(4. ( c ) tt3V>T. ^[^. ^ 

'jy^^'L. ;{^;^»Af4 4*^^8£ft5 0ml/mi nT 
mXl'Xmmi^<7)B)lt:lO. lOSXlO^Pa 
( 7 6 0 t o r r ) ^Zimb. 7 0 O'CX' 1 h r-^SftSa 

mmLtc. i°c. s-c. lo 

1 0 0 8 8 ] miti-^ ^ xA-m^ii. Hj 
m^-^ gv^hSBt's -^7&^'*v -^WM^ 

[0089] mmms 

^mMm^zi5\>^xii. xmic) i,z&^x. m^. m 
m. ymcommmm'xmm^i-mt^tx'. m^ti- 
^y^^^^A-mfS.Lfz. :^mmmi>z&^xi^. 

20%. 7KS2%. mmi 8%coM-^:^X^:/jmX^ 
4 4^>mS.5 0 m 1 /m i nT'^ALTMJS^Isl^O 
Bl3ilO. 108Xl0*Pa(760toi-r)tC 

mi^i. 7 0 o'cx I h rco^mmLti. mxm 
[00 90] m-iwyy ^ ::Kti~-(mm,t. m\MU 

fz. tfz. ^ ^:^'-co^]S.m'S'\-^'m\iZh'^fz. 
[009 1] ^»J9 

ifmtm^ziiwxit. ( c ) \,zii\^x. mm<nx^ 



SSr6 0 0'C. 7 0 0'C, 8 0 0'C. 9 0 0'C. 100 

Q-az^it^^fz. \mxm\mi)m\A ^zm tf^. 
[0092] mmmu^m^ o o'C(r>um{zi6\^x\i. m 

fz. i^wast>jfi>«an. it^bf-^'y'^^x;^?- 

^y^il-i)^Wi^<^hiihi^d\ztj: 

-?fz, 8 0 O-CtCiSV^TW. it'fkf-^>'n' ^ 

^ifi±<ts:hm}^ifi^hiitz. ttz. l 000°C^^^^v^ 

[0093] mmmi o 

*^ffi^Jfcfev^T{4. Xg (b) (rrisv^-Cs I^WtW 
ff&OV. lOV. 2 0V. 3 0V. AOVtLfz, flll 
<OX5g(4^W4tcJptfCo RI«^k«E*5«V^fc# 
J:. ^^XA-ffXk^ifim^Mmh'O. iNffc2 0VJJH 
±c^l©ffiil'^t;«ffi*fflV^fc|^^S^^=fcV^T{S. 3 O O nm 

[0 094]||»J1 1 

if^msmimiw y-^ < 7.ti-^^m-^-t 
•k^^\.fzmx:hh. imm\\zii\^x\t. xa ( c ) 
mmm4\my:^fz. imm\<nxM ( c ) 

\-^X\t. mmW^\,Z^iiX-^W^\ Om 1 /m l n 
m'X\JXU.mm\<^^-h^ 133Pa(ltorr) 
h »*iaSS:6 0 or. 1 h rtfOWiSrJfit;^^. 
[0095] FE-SEMfcJ;0ll3icS^-rj;^^'>^ 

•5 r^^'-^wm&'^y(nm£-kmi-.\.fz „ 
[0096] *^jif!s<^j 1 1 (^^^mim'mmm\4 . 

8-C■'^«t/S':^/ffiJim^. P t ^ 5 nm^# t, ^ ^' 
y-;l^7j<?§?S : 7K= l ; 6 ) ^\zxt-. % 

]£7\mcyyrx-%mm'\i^ tzh^b. -mmm^ 
ft. ^iL^tvt^mmm.mtht.}:.-mMUz. % 

\mz^tp-^tz. 

[0097] 1 2 

mr. 02 ( a ) ~ ( c ) &fflV\ *^t3|5(^M-^^>' 
[ 0 0 9 8 ] Xg ( a ) 

|iEE9 9. 9 9%OTiffi&«ftl0i:LTfflSUc. 
[ 0 0 9 9 ] Xg ( b ) 

XIBT i IS 1 0 Srl5^^ J: r?'" U -fe U y^OvM-^f^i^ T-«ft?^3f 
timmM) &t^'SEMflS^tfci:i^)> ^lOOnm 

[0100] mm\^. mmm2kmi<^mx'xm 
(c) sr^T-:>;tki-?.. mmm2tmmz. m^5o-^ 
1 0 0 nmm&<^M^t'f^ -i xi)--^^mz%t l 

hifiX'^fz, ttz. ^ ^ X:(j~(D^\<z\t. m1^&.'^^^t 
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[0101] mmm 1 3 

02 ( a ) ~ ( c ) &fflV\ *^S&f?lJOi?'ft^^ 
[ 0 1 0 2 ] ( a ) 

/xm^OTiOPa l^JjiilL. »2|ao&«L;^>: (El 
2a) WM) o 
[ 0 1 0 3 ] irS ( b ) 

*M}flJt1i. ±iaT i Hi 1 1 ±fc. 0 . 5 nmffl^M 
[0104] I® (c> 

[0105] 3|s|liiW=*3l,^T{is mmm4liZynLfc 
fti#L/SM7J< (^^ffi8 64. 5Pa{6. 5tor 

1 /m i n-cm Lxmmmmij^ i o . i o s 

XlO*Pa (760torr) {zB^Ltl. -?-LT# 
i'l-i^^ fC|ifi#a«^ 7 0 0 "CT' 1 h r SOSi 

[0 1 0 6] mi (ffijts^) 

KD!±5L/t^fy7Vl-i0^ffl. irrfflSrFE-SEM (Fi 
eld Emission-Scanning Ele 
cti-on Mi croscope :«^gcai^4afl: 

mum) ^zxmmifz. ^m^. mm^to. s-it^ 

[ 0 1 0 7 ] . K-fbf-^ < xti-mmi.. ^ 

[0 1 08] t:^^. BaCOith^^ZAl . Cu. Zn, 

zi% mo<D^^mmi:mifzm^zii\^xh. 

[0 1 09] *JfiW14 ■ 

iFmmm^z&^xii. mtmiscoxn (b) i^zitx. 

O.IM ZnNOg 7jcjf Mil^ifcJailS^i:^ -= t 

x\ w:zn&#-^L;^c„ ±i:mmt:. mmiist 
m^j:^i'¥xnmmm uzt^^. mmmmzm 



[ 0 11 0 ] i^xJ; "9 . mmi^zz n Hi^-^tifcimfMz 
&■^X^; ^ :z.;(;~(r>!S.mHmLtzt^l^til . t 
fz, ZnNOs COi}^hK)l'Z. LiNOg , Na^ PO 
4 , KC 1 , Mg (NO3 ) 2 - Ca (NO3 ) 2 . B 
aCl2 , y (NO3 ) 3 , La (NO3 ) 3, CuS 

04 . zr (SO4 ) 2 ^j:t'cr,7mmiizmmit:^h 

[0111]|llii!!fflJl5 

^^mmmiz&^xit. mtmi 3<7)im (b) i,zi^t 

X. iliKl 0g/l<^CuSO4 ±IBTi 

m 1 1 iznmmmi-mT. c u ^ i n mmmcom 
[0112] ±151*^4^. mm 1 3 1 nm^j:mx'^. 

[0 113]^{?IJ16 

*sssfi^jt2:t^v>T<is msmi 3<^xn (b > i,zjti 
X. 0. lyammm^pizmm o^mm^'^ti. ±m 
mmt . mmm 1 3 1 N«=5r*f^-c«a^M ttz t ^ 
6 . mm A x-fy-mmmzmx-. t fzm\ ^ x 

[0114] ^ixx 0 . ^m^^zms'^h L b x\ T i 
mmc^m^^m'^iYmm.^zmf t tzmim^nm^z x 
-yx. mm(^^^tm^j:mti^^t. ^tii^zt^x 

[0 115]^lifiMl7 

^mm\^zii\^x\i. mim\2<DiM (b) tiaitj;^ 
mWb^ff o^cf*. ^h^ziu H2 s 04 tfitca 
w 1 0 mmvmm.m'^yr ( 5 kw) ^ 5 m i 

[0116] ±l5«ft 10^. m%m2 b Na^Sr^ffT 

f}-cr)m.umm^-b>^tz. citiio. ^msawt^J; 
I. iSH^M«fi. nafl^ijtgii^tts n^-fxpir-fiK;* 

[0 117]*]!iMl8 

OTs 1112 ( a ) ~ ( c ) &fflV\ **»<?IJt08§'fbf-:J' 
[ 0 1 1 8 ] X1S ( a ) 

*IIWMffil2t:ii4. ^3?aK^fflv\ WWMto 

f-^' yltm^ P 2 5 ^ WkS-tiTs 9X»fi^Ji^c 
M^13L/t^*. ::^;Sl.'iaT-5 0 0''CT'3 Om i n<7)«SrlT 

d <r 1 1«§ 1 0 At mm.(om(tf-^ ymii^m 
I. mm om'^Lit m2a)^) . 

[ 0 11 9 ] ( b ) 

m^^x. ^mm^i-^ymi nz. mmAcmyyr (m 
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^ 5 kw) i<zx o^w^ 5 m i nmmMUz. 

[ 0 1 2 0 ] IIM ( c ) 

[0121] ^^w-tov^Ti^. mmm4:^zfiki,fz 

{mt/itt* {MMBS 64. 5Pa(6. 5tor 
r) ) ^AVJy^-'L. X?'X2iAt4 4:i)^Ji>?jSa5 0m 
1 /m i iX^m^n^OEt ^ l O . 10 8 

XlO*Pa (760torr) l/Zm^i^fz, ^ LXM 

my yr^Ksm Lzmm\m-k loovx-ihrffm. 
m\i^hmyr)V(mm. wb^fe-sem (f i . 

eld Em i s s i o n— S c a n n i n g Ele 
ctron Microscope: W2jfe[l}^aEffi« 

=fmm) ^zxmm^fz. 

[0123] ^<^m^. w^iph. m\ti^-^ ><nf7 < X 

^)Vmm\&^V<n^^'^^tS^^ ^1 0 nm 

±%m ^ xij-mmz^^\.x\^h t.himm 

[0124] m^mnm^z^ oss-fb^^ ynwtfcv^ 
X. i-^)>-^\'mAxx\\MW {fzhm^-^yffi 

[0 125] 

[%0)!c^SI;ll] jyiiKBHLJ^eat:. mm<n>^-hmz 

mtt^ y^t^mu- mz^Miti-^y^ ^ xfi- 



[0126] imm^^^yk^wrA}:.^^'^ mm^ 
mmmm^-m'mm^m:iMmx'ih h , 

[03 ] *56Bflt7)i®€f-iJ'^*^tJ«S:*«-.S.^y 

[04 ] mL&'^y^ xx?-fig«Bf<^»!^aMiiE^H 

[05] nffiii-fi^s^stimH-eabi. . 
[^^coijHj] 



1 0 




1 1 




1 2 


m. 


1 3 




1 5 


m\Y.^yyk'^tsMm^ ^xii- 


4 1 




43 


mmmm 


44 


iixmxm 


46 


mm Ay 


47 


m%%ryyr 


48 




49 




50 




5 1 




53 




54 




55 




56 





[03] 
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l5mt^i'>'Sr^*MA (a) 



[|1I2] 

11 ■n'&^em-iitim 



13 ^^mmmmmi-imv 



-11 TI*SljS»i1-«R 
' 12X« 




